Carbonate karst unconformities represent primary sequence-stratigraphic boundaries but, where sealed by marine sedimentary successions, also signify ancient rocky shores. During the Late Eocene (Priabonian), a shallow sea flooded the deeply karstified and brecciated Cretaceous carbonate bedrocks of the western Swiss Alps. Transgression resulted in the formation of a rocky archipelago of basement highs with elevations of up to 20 m and dip angles varying from sub-horizontal to sub-vertical. Although rocky coasts are commonly subjected to vigorous waves, strong currents and storm surges, protected and restricted narrow embayments existed between these islands. The new habitats thus created were colonized by intertidal and shallow subtidal macrobiota, which can be grouped into four biofacies associations: 1) endolithic; 2) epilithic; 3) intertidal; and 4) shallow subtidal. The endolithic biofacies corresponds to an impoverished ichnoassemblage composed of Gastrochaenolites and Entobia borings. The epilithic biofacies is made up of well-preserved rocky-shore biota such as oysters and corals exhibiting an encrusting lifestyle. The intertidal biofacies is composed of wholly preserved shells of potamidid gastropods (Tympanotonos? sp.). The biota present in these biofacies are monospecific or show a very poor species diversity. This fact is in agreement with the pioneer character of the organisms and the sheltered and restricted environments they inhabited. The shallow subtidal biofacies has higher diversity and is characterized by dasycladaceans, oysters, cardiid bivalves, potamidid, ampullinid and Campanile giganteum gastropods, echinoids and solitary corals. The transgressive carbonates evolve upwards into sandy limestones and sandstones displaying sedimentary structures formed in high-energy conditions. This progressive lithofacies change coincides with the opening of the coastal system once the irregular palaeotopography was filled. The transgressive deposits reported here are of significance in that they contain remarkable examples of shallow subtidal and intertidal autochthonous and quasi-autochthonous biofacies associations generated in rocky coast and soft-sediment environments. To our knowledge, this is the first study documenting in detail a rocky shore in the Priabonian.
Introduction
Ancient rocky shores represent stratigraphic unconformities, which can record sedimentary breaks of varying temporal duration (up to billion-year scale; e.g., Corcoran, 2008) . Their sequence-stratigraphic significance as sequence boundaries, which delimit emerged rocks from transgressive deposits, together with their importance in palaeogeographical, palaeoshoreline, palaeontological and palaeoecological analyses, make these rockgrounds suitable targets for many geological studies (see Johnson, 2006 for a review). However, these hard substrates have often been overlooked in sedimentological and sequence-stratigraphic studies, where detailed portraits of such palaeoreliefs and associated preserved biota and ichnofossils in general are absent.
When rockgrounds are flooded during marine transgression, new habitats are created and colonized by organisms adapted to thrive in intertidal and very shallow subtidal environments, which usually are influenced by waves, tides, currents and storm surges of moderate to high energy levels. Consequently, the preservation in the geological record of original in situ biofacies overlying rocky shores is rare (e.g., Surlyk and Christensen, 1974) , given that authochtounous communities are commonly swept away or mixed in such physically disturbed environments (e.g., Johnson et al., 2010) . Furthermore, because rocky shores are in many cases linear features, the chance to find them exposed in outcrop is relatively small.
The present paper describes a well-preserved stretch of a CretaceousEocene unconformity in excellent and continuous exposures in the Sanetsch area (Helvetic Nappes, western Swiss Alps), where Late Eocene (Priabonian) transgressive coastal deposits overlie Early Cretaceous karstified limestones and relics of Mid-Eocene lateritic palaeosoils. The Priabonian transgression resulted in the formation of a rocky archipelago of basement highs. Between these islands, protected and restricted narrow embayments existed. The Priabonian sedimentary deposits in Sanetsch are of importance in that they (a) constitute an illustrative case study of an ancient shoreline overlain by transgressive strata, which may serve as an example for the recognition and analysis of other rocky-shore depositional environments and transgressive sedimentary successions; and (b) were formed in topographic depressions that were generally well-protected and restricted, and thus provide examples of autochthonous and quasiautochthonous carbonate biofacies generated in rocky-shore and soft-sediment settings.
The karstified Cretaceous platform carbonates overlain by Eocene transgressive deposits of the Helvetic Nappes in Switzerland and their lateral equivalents in the Subalpine Chains in France have been widely studied from various points of view, including cartography, palaeogeography, tectonic evolution, sedimentology, stratigraphy and palaeontology (e.g., Brongniart, 1823; Lugeon, 1919; Herb, 1988; Badoux et al., 1990; Weidmann et al., 1991; MenkveldGfeller, 1993 MenkveldGfeller, , 1994 MenkveldGfeller, , 1995 Sinclair et al., 1998; Linder, 2005) . However, none of these works portrayed this sedimentary record as a rocky shore depositional succession. A search in the geological literature for other Eocene karstic shores leads to a few examples (Johnson, 2006 for review) but, to the best of our knowledge, none of them are of Priabonian age. Therefore, the present study also fills a gap in available data and research in Late Eocene rocky-shore depositional environments.
Geographical and geological setting of the study area
A regional unconformity of Eocene age overlies the Mesozoic successions of the Swiss and French Alps. This regional erosive surface, which was the result of emersion and continental erosion due to tectonic uplift linked to flexural forebulge migration of the Alpine foreland basins, was flooded during Late Eocene-Oligocene times (Sinclair et al., 1991; Crampton and Allen, 1995; Sinclair et al., 1998) . The Priabonian transgression in the Swiss and French Alps has been regarded to be mainly the result of rapid tectonic subsidence associated with normal faulting related to flexural bending, caused by the advancing Alpine thrust front. The presence of transgressive strata in several places in western Switzerland and eastern France reveals the at least regional character of the transgression (e.g., Menkveld-Gfeller, 1995; Sinclair et al., 1998; Zweigel et al., 1998; Linder, 2005) . However, Priabonian transgressive phases have been recognized in many European basins and probably affected the entire central para-Tethyan realm (e.g., Hardenbol et al., 1998) .
In the Sanetsch area of the Diablerets Nappe (Canton of Valais; western Swiss Alps) (Fig. 1) , the transgression is recorded as a Priabonian succession formed by coastal siliciclastic-influenced carbonate deposits, which overlay the highly irregular karstic palaeorelief of the Early Cretaceous (Hauterivian to Aptian) carbonates of the Schrattenkalk Formation and the remains of Mid-Eocene (Bartonian) lateritic soils (Weidmann, 1984; Herb, 1988; Menkveld-Gfeller, 1995; Linder, 2005) . These mixed siliciclasticcarbonate deposits correspond to the Sanetsch Formation, which can be subdivided into three members: Diablerets, Tsanfleuron and Pierredar (Menkveld-Gfeller, 1994) (Fig. 2) . The basal part of the Diablerets Member is distinguished by a breccia of Bartonian to Early Priabonian age constituted of Schrattenkalk clasts (Herb, 1988; Linder, 2005) . Although these fallen Cretaceous rocks have been classically referred as "Roc Champion" conglomerate (Rykken, 1968; Herb, 1988) , they constitute in fact a breccia deposit in the Sanetsch area. Above, marine siliciclastic-influenced carbonates and marls of Early Priabonian age compose the rest of the Diablerets
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Member (Menkveld-Gfeller, 1995; Linder, 2005) . The fossiliferous beds of the Diablerets Member are widely known since the earliest days of geology (e.g., Brongniart, 1823) . The Tsanfleuron Member is characterized by extensive sedimentation of sandstones and sandy limestones exhibiting tidally induced sedimentary structures, while the Pierredar Member corresponds to limestones with abundant nummulitids (Rykken, 1968; Menkveld-Gfeller, 1995; Linder, 2005) . According to Menkveld-Gfeller (1993 , 1994 , 1995 , these latter lithostratigraphic units are Middle-Late Priabonian in age (Fig. 2) . The sedimentary succession studied here covers an area of 12 km 2 and encompasses the Early Cretaceous basement, the Bartonian palaeosoil relics, the Diablerets beds and the lower part of the Tsanfleuron Mb (Fig. 2) . According to the absolute ages of Ogg et al. (2008) , the sedimentary gap between the Early Cretaceous Schrattenkalk Fm and the Bartonian laterites in the Sanetsch area comprises a time interval with a duration of at least 70 Myr. For the detailed history of research concerning the Cretaceous and Eocene deposits of the Helvetic Nappes refer to Linder (2005) .
Data collection and methods
The entire stretch of the rocky shore exposed in the Sanetsch area was explored and surveyed. Eleven sedimentary logs of up to 23 m thick were measured in representative sectors exhibiting significant changes in thickness and/or lithofacies. One hundred two rock samples were collected at vertically spaced decimetric intervals covering the eleven sections. The samples were prepared following standard techniques to produce thin-sections 5-8 μm thick with a size of 25 × 45 mm in order to analyze the microfacies. Rock fabrics are termed according to the classifications of Dunham (1962) and Embry and Klovan (1971) . In addition, nine marl samples were taken in five different sections. The marls were washed, dried and Herb (1988) , Weidmann et al. (1991) , Menkveld-Gfeller (1993 , 1994 , 1995 and Linder (2005) . sieved through six sieves (2 mm, 1 mm, 500 μm, 250 μm, 125 μm and 63 μm) in order to determine their fossil content. To reconstruct the Early Priabonian palaeocoastline of the area surrounding the four logs illustrated in this study, GPS coordinates were measured every 5 m following the contact between the Schrattenkalk Fm and the Diablerets Mb. Subsequently, this data was plotted on a georeferenced topographic map to produce the palaeogeographic model.
Results

Palaeotopography
Evidence of ancient topography is demonstrated by the occurrence of marine Priabonian limestone strata onlapping heavily karstified Early Cretaceous rocks of the Schrattenkalk Fm (Figs. 3 and 4) . The Schrattenkalk basement in the study area corresponds to massive, almost unstructured limestone with packstone to grainstone textures, which contain abundant peloids (Fig. 5A) , ooids, orbitolinids, miliolids and other foraminifera, and fragments of rudists, oysters, Chondrodonta, other bivalves, gastropods, corals and green algae. Fissures in the unconformity surface contain abundant Paronipora (=Microcodium). The breccias are composed of pebble-to boulder-sized clasts and karst infillings formed by brownish-reddish fine-to medium-grained siliciclastic sediment (Fig. 5B) . The topographic relief exhibited by the karst surface, locally related to sink holes (Figs. 3 and 4) , is highly irregular with basement rises of up to 20 m and dip angles of up to 70°. Relics of iron-rich laterites containing ferruginous pisoids up to 1 cm of diameter are occasionally preserved at the bottom of palaeodolines (Fig. 5C-D) . The lateritic palaeosoils overlying Mesozoic sedimentary successions of the Helvetic Nappes have been classically termed in the literature as 'siderolithic' (e.g., Weidmann et al., 1991; Linder, 2005) and were formed under a warm and humid subtropical climate during the Mid-Eocene (Lutetian-Bartonian) phase of emersion and erosion of the Helvetic Nappes (Weidmann, 1984; Herb, 1988; Menkveld-Gfeller, 1995; Linder, 2005) .
Transgressive sedimentation
The contact between the transgressive Late Eocene deposits of the Sanetsch Fm and the underlying Early Cretaceous rocks is planar and parallel at the bottom of the palaeotopographic depressions, whereas it is angular on the basement relief. The transgressive sedimentary record is shown in Fig. 6 . The successions logged show significant thickness variations and distinct degrees of completeness, which was controlled by the highly irregular relief of the Early Cretaceous bedrocks (Fig. 7) .
The basal fill includes a matrix-supported breccia of up to 50 cm thick composed of Schrattenkalk fragments with sizes varying from pebble to boulder (Fig. 8A ). In this basal breccia, which belongs to the Diablerets Mb (Linder, 2005) (Fig. 2) , the largest observed clasts are 1 m across their long axis, but the majority is within the range of 2 cm to 30 cm (Fig. 8B ). Larger-sized clasts are commonly found adjacent to the basement palaeocliffs. However, no lateral or vertical grading of clast sizes was observed, implying that the breccia components did not experience transport by waves or currents. Fissures in the extraclasts contain abundant Paronipora (=Microcodium) (Fig. 8C ). The matrix of the breccia derives from the Priabonian marine mixed carbonate-siliciclastic sedimentation and the reworking of the Bartonian iron-rich palaeosoils. In the middle and upper parts of the Diablerets Mb, the abundance of Schrattenkalk extraclasts generally diminishes, although their sizes remain very variable (up to 5 m across their long axis). There, with the exception of a second interval of breccia deposits found in some sections (e.g., logs A and C in Fig. 7 ), the extraclasts rarely come into contact with one another and appear to float within the stratified transgressive limestones. These occurrences exhibit differential compaction of the surrounding strata (Fig. 8D) .
Above the basal breccia, the Diablerets Mb is characterized by siliciclastic-influenced dm-thick limestone beds (Figs. 6 and 9A) exhibiting wackestone to floatstone textures ( Fig. 7) , alternating with marly intervals. The sizes of the detritic grains (mostly quartz and feldspars) range between silt and coarse sand, and their shape is mostly subangular and subrounded, although angular forms are also common. The color of the freshly broken limestones and marls is dark gray to black, which is attributed to a high content in finely disseminated organic matter. Framboidal pyrite is common (Fig. 9B) . The fossil content of the lower strata of the Diablerets Mb is dominated by miliolids, ostracodes, regular echinoids, solitary corals, oysters and fragments of other mollusks, and dasycladaceans ( Fig. 7) . Interbedded cm-to dm-thick intervals of marls contain in addition coal fragments and characean gyrogonites. Upwards in the succession, the Diablerets beds exhibit increased siliciclastic and organic matter content. The more carbonate-rich lower lithofacies change to an alternation of dm-thick limestone beds with packstone to floatstone textures, sandy limestones and marl intervals (Fig. 7) . These organic-rich siliciclastic-influenced limestones and marls are distinguished by the presence of abundant mollusks dominated by potamidid (Tympanotonos? sp.), ampullinid and campanilid (Campanile giganteum) gastropods, Ostrea sp., cardiid bivalves, other bivalves, ostracodes, Lenticulina sp., Borelis sp., Orbitolites sp., other miliolids, other benthic foraminifera, and fragments of the crustacean Carpathocancer triangulatus, echinoids and dasycladaceans such as Clypeina helvetica, Broeckella sp. and Thrysoporella? sp. Solitary corals, Harrisichara sp. and Nitellopsis sp. characean gyrogonites, planktonic foraminifera such as Chiloguembelina sp., Globigerinatheka sp., Globigerinatheka cf. index (Fig. 9B) , Turborotalia cerroazulensis and Turborotalia cocoaensis, and fragments of geniculate coralline algae also occur. are in contact with the Early Cretaceous basement rocks or the basal breccia (Figs. 8A and 9C), the rockgrounds are heavily bored by lithophagid bivalves, and the lithofacies is characterized by a cemented mélange, which includes Cretaceous extraclasts, Bartonian iron-rich relics, bioclastic fragments, Pattalophyllia? sp., other solitary corals, Caulastrea? sp., encrusting coral colonies and oysters (forming bioherms) in life position and wellpreserved dasycladaceans.
The Diablerets beds evolve upwards into the Tsanfleuron Mb, which is composed of cm-to m-thick sandstone beds exhibiting tidal-influenced structures such as flaser bedding (Fig. 9D) , herringbone cross-stratification and foreshore plane-parallel lamination. Grain sizes range between fine sand and gravel, and their shapes are mostly subangular or subrounded, but angular morphologies are present as well. Locally, iron-rich mm-to cm-sized extraclasts derived from the reworking of Bartonian laterites occur (Fig. 9E) . The presence of burrow bioturbation is widespread. Interbedded sandy limestones and more carbonate-rich levels containing Ostrea sp., other bivalves, miliolids, coralline algae (occasionally forming rhodoids; Fig. 9F ), irregular echinoids, fragments of mollusks, and other bioclasts are common. In the Sanetsch area, the Tsanfleuron Mb completely buried the Early Cretaceous basement rocks and the Diablerets Mb.
Biofacies associations
Based on the macrofossil biotic communities observed during field work, in sieved marl washings and thin sections, four different biofacies associations indicative of three distinct ecosystems can be discriminated within the Diablerets Mb.
Endolithic biofacies association
The ichnodiversity observed along both the Early Cretaceous rocky substrate (Fig. 10A ) and the associated breccia deposits is very poor, with only Gastrochaenolites and Entobia borings being present. Gastrochaenolites occurs on both the rockground (Fig. 10B-C) and the rock fragments constituting the basal breccia (Fig. 10D) , whereas Entobia was only observed on the breccia clasts and bioclasts Fig. 7 . Correlation of representative sedimentary sections of the Diablerets Mb logged in the Sanetsch area. Note the variation in thickness displayed by the logs. The thickness disparity results from differential accommodation due to the highly irregular topography exhibited by the Schrattenkalk Fm. The situation of the logs is shown in Fig. 1 . The rapid facies change to the sandstones of the Tsanfleuron Mb is considered as isochronous within the study area (horizontal datum line). (Fig. 10E) . On limestone rubble and bioclasts, Entobia is the dominant ichnogenus and Gastrochaenolites is less abundant. On account of recent and Eocene chemical and physical erosion, the trace fossils on the surfaces studied show partial to almost total truncation of the original perforations, which were infilled by sediment and calcite cements. This fact hinders the possibility to determine the species of the ichnogenera recognized.
The distribution of these bioerosional structures is irregular with variable densities of Gastrochaenolites and Entobia. On average, 30% of the clasts and bioclasts belonging to the basal breccia in any given square meter are bored, while only reduced patchy areas of the exposed Early Cretaceous bedrocks are bored. The areas of the semi-vertical basement surface where the Gastrochaenolites are preserved, the borings are mainly oriented perpendicular to the surface and their density rises to over 150 per m 2 . The limestone rubble and bioclasts forming the basal breccia are typically bored on all sides. Diameters of spherical and ellipsoidal cavities of Gastrochaenolites produced by lithophagid bivalves are up 20 mm, with an average value of 10 mm. No shells were found inside the borings. Entobia chambers consisting of single and interconnected spherical to ovoid perforations generated by endolithic sponges have a diameter between 1 and 25 mm.
Epilithic biofacies association
This biofacies association is made up of well-preserved rockyshore biota exhibiting an encrusting lifestyle (see Johnson, 1988 for review of main lifestyle varieties of rocky-shore biota). Thin-shelled, densely packed monospecific oyster valves (Fig. 11A-B) , as well as isolated coral colonies (Fig. 11C-D) , occur in growth position cemented to the palaeocliffs and boulders of the Schrattenkalk Fm (Fig. 10A) . Oysters also occur attached to other oysters that are directly attached to the Cretaceous substrate, thus forming small bioherms, which can reach heights of 30 cm. No oysters were observed cemented on corals or vice versa. Oyster valves range in size from about 4 to 8 cm in length, while the coral colonies can reach sizes up to 2 m across their long axis.
The encrusting coral colonies are diagnostic of shallow subtidal environments while, in comparison with recent analogs, the monospecific oyster biofacies cemented in life position may also have thrived in intertidal settings (e.g., Fournier, 1992; Lejart and Hily, 2011; Scrosati et al., 2011) .
Intertidal soft-sediment biofacies association
This biofacies corresponds to a low species diversity assemblage, even monospecific, composed of wholly preserved shells of potamidid gastropods (Tympanotonos? sp.), which accumulated within a lime mud matrix in the form of floatstones (Fig. 12A) . The length of the snails ranges mainly between 1 and 4 cm. The potamidids are oriented in all directions, not imbricated, and do not show any size gradation, suggesting that they did not undergo significant reworking or transport.
Monospecific high population densities of potamidids are commonly indicative of intertidal settings (e.g., Bandel and Kowalke, 1999; Harzhauser, 2004; Dominici and Kowalke, 2007; Reid et al., 2008 ; personal observations in Pigeon Creek, San Salvador, Bahamas, Fig. 12B-C) , where they graze on detritus and microalgae. Furthermore, the occurrence of such populations is often linked to mangrove ecosystems (e.g., Plaziat et al., 2001; Reid et al., 2008 ; Fig. 12B ). However, no root traces or macrofloral remains were recognized in the nearly monospecific potamidid beds of the Diablerets Mb studied.
Shallow subtidal soft-sediment biofacies association
The biota of this association has higher diversity and can be divided into three sub-biofacies, which evolve upwards, or pass laterally, from one to another. The first of these is characterized by well-preserved potamidid shells, which occur associated with diverse taxa such as Ostrea (Fig. 12D ), cardiid bivalves (Fig. 12E) , other bivalves, ampullinids, other gastropods, and the dasycladacean alga Clypeina helvetica (Fig. 12F) . The potamidid shells are 1 to 4 cm long. Ostrea and cardiid bivalves exhibit diameters ranging between 2 and 4 cm. Wholly preserved irregular echinoids in life position associated with solitary corals and/or larger Ostrea, which occasionally occur together with the gastropod Campanile giganteum (Fig. 13A-B) , constitute the second sub-biofacies. The echinoids have diameters of around 2 cm, while the oysters and campanilids exhibit lengths of up to 18 and 29 cm, respectively. The third sub-biofacies corresponds to monospecific populations or low-diversity communities of dasycladaceans such as C. helvetica (Fig. 13C) , Broeckella sp., Thrysoporella? sp., and rare undiagnosed branching specimens showing an exceptional state of preservation, which reach heights of up to 14.5 cm (Fig. 13D) .
The overall biotic assemblage is preserved mostly within a micritic matrix in the form of floatstones, commonly including siliciclastic components. In the deposits containing echinoids, large Ostrea and/or campanilid gastropods, the fossils float in a sandy matrix.
In this biofacies association, the higher species diversity and the presence of fully marine biota such as dasycladaceans, echinoids, and campanilid gastropods is diagnostic of shallow subtidal habitats (e.g., Dominici and Kowalke, 2007) .
Discussion
Key criteria proving the existence of a rocky shore during the Late Eocene in the Sanetsch area include an angular unconformity between karstified Early Cretaceous and Priabonian marine strata, the presence of Schrattenkalk extraclasts overlying the karst unconformity or floating within the Priabonian succession, the recognition of marine bioerosion traces and encrusting fauna on the rocks of the Schrattenkalk Fm, and the variable thickness exhibited by the Diablerets Mb due to differential accommodation resulting from a pre-existent highly irregular topography (see Johnson, 1988 for a complete review of essential features allowing the identification of ancient rocky shores). The rocky shore is construed to be coeval with the deposition of the Diablerets Mb, ergo of Priabonian age, given that a prolonged exposure would have removed the ichnospecies and the epilithic body fossils that have been observed. In the study area, the recognized palaeocliffs are not associated with faults. The palaeorelief exhibited by the Schrattenkalk Fm was rather created by subaerial erosion and pedogenesis than by local tectonics or marine processes. This is indicated by the existence of palaeokarst features and relics of lateritic palaeosoils, and by the absence of wave-cut platforms and notches at the bases of the palaeocliffs. In addition, the bases of the former sea-cliffs display smooth surfaces (Fig. 4) , which is characteristic of cliff profiles controlled by subaerial agents (Emery and Kuhn, 1982) .
The basal breccia accumulated at the toe of the former cliffs is constituted by angular and irregular-shaped extraclasts (Fig. 8A-B) . This and the proximal location of the rock fragments is in agreement with rock fall due to weathering of pre-existing diaclases in the Early Cretaceous limestones. However, with transgression, also wave impact would have played part in loosening joints and thus facilitating the detachment of rock fragments. These considerations can also explain the small breccia deposits and isolated extraclasts, which are found within the transgressive record (Figs. 7, 8D and 9A ).
In the Sanetsch area, the pioneers to settle in the new marine rocky habitats were endolithic organisms. The endolithic biota did not fossilize or were eventually eroded, however, their bioerosion trace fossils are widespread throughout the rocky shore and the extraclasts of the basal breccia ( Fig. 10B-E) . The ichnoassemblage is dominated by Gastrochaenolites and Entobia, which are prolific ichnogenera of Mesozoic to Recent rocky shores (e.g., Bromley and Asgaard, 1993; Gibert et al., 1998; Johnson et al., 2011) . The absence of borings or the truncation of the bioerosion structures may result from recent weathering and/or from marine erosion during the Priabonian. Nevertheless, the lack of perforations at some sites may also imply particular conditions not suitable for the establishment of endolithic biota.
Subsequently, epilithic organisms colonized the rocky shore habitat. The epilithic fossil fauna is not affected by bioerosion structures (Fig. 11) and overlays the trace fossils present at the top of the Schrattenkalk Fm (Fig. 10B) . The epilithic biofacies association shows a low diversity with only Ostrea and coral colonies being present (Fig. 11) . The specimens are found encrusted in growth position, thus representing autochthonous rocky shore biota.
During the early stages of transgression, accommodation was restricted to palaeotopographic lows. The Priabonian filling of these karst depressions contains characteristic intertidal and very shallow subtidal biofacies associations that are easily discernible in the outcrop (Figs. 12 and 13) . The intertidal community corresponds to an autochthonous biofacies given that it is composed of wholly-preserved monospecific specimens of potamidid gastropods (Fig. 12A) and is ecologically consistent with modern analogs (Fig. 12B-C) . In addition to the monospecifity and the excellent state of preservation of the fossils, the fact that the shells do not show any sign of size gradation or imbrication but are disposed in all directions, also lends support to the autochthonous nature of the fossil assemblage. The shallow subtidal monospecific assemblages of campanilids (Fig. 13A-B) and dasycladaceans ( Fig. 13C-D) exhibiting exceptional conditions of preservation are also interpreted to represent autochthonous biofacies. In the case of the shallow subtidal biofacies formed by potamidids associated with Ostrea (Fig. 12D), cardiids (Fig. 12E) and/or dasycladaceans (Fig. 12F) , dismantled shells and skeletal fragments are present (e.g., Fig. 12D ), indicating slight reworking and transport of the fossils (by tidal currents, storminduced turbulences and/or bioturbation). Nevertheless, given that the assemblage exhibits poor species diversity and most of the biota is not abraded, these communities were not washed in from more seaward zones but are regarded to reflect quasi-autochthonous biofacies.
The preservation in the sedimentary record of autochthonous and quasi-autochthonous intertidal and shallow-subtidal macrofossil assemblages demonstrates that the Sanetsch area was not an open coastal and erosional environment but mainly a depositional one. Other facts lending support to these sheltered depositional conditions are the lack of features indicating high energy in the surf zone or lower foreshore (e.g., grainstone texture, sediment sorting). Hydrodynamic sedimentary structures within the Diablerets Mb are rare. Moreover, the extraclasts forming the basal breccia are angular, bored, and encrusted by oysters, which is indicative of lack of strong reworking.
The notion of autochthonous and quasi-autochthonous biofacies in this paper refers exclusively to the macrofossil assemblages described above. The microfossils and the micrite matrix contained in the intertidal and shallow subtidal floatstones were transported by tidal currents and storm-induced turbulences over short distances or -in the case of the planktonic foraminifera -washed in from the open ocean.
Besides the characteristic irregular topographic relief of the Early Cretaceous substrate where autochthonous and quasi-autochthonous coastal biotic elements accommodated, the regional tectonic evolution is also considered to have played part in the preservation of these biofacies assemblages in the sedimentary record. During the Priabonian, flexural downwarping of the Alpine foreland basin, associated with normal faulting, caused rapid tectonic subsidence (Sinclair et al., 1998; Zweigel et al., 1998) . Hence, the Diablerets beds would have been buried rapidly (in geological terms), enhancing the preservation potential of these coastal deposits.
The fossil abundance within the Diablerets Mb is fairly high but species diversity is quite low and even monospecific in some beds, indicating frequent episodes of restricted environmental conditions and water circulation (e.g., varying levels in salinity, oxygenation, and turbidity). Anoxic or dysoxic interstitial waters in the sediment are implied by the organic matter preserved in the dark marls and sandy limestones, and by the presence of framboidal pyrite (Fig. 9B) (Wilkin et al., 1996) . On the other hand, the existence of intervals with cm-to dm-thick carbonate beds points to more favorable conditions for carbonate-producing organisms. However, due to the complex palaeogeography consisting of islands and more or less narrow embayments (Fig. 1C) , a significant lateral variability in environmental parameters existed. This is evidenced by the facies changes documented in Fig. 7 .
The scarcity of coralline algae and nummulitid and orthophragminid large benthic foraminifera within the Diablerets Mb is worth noting. In the Middle-Late Eocene, coralline algae and large benthic foraminifera were the main carbonate producing organisms in coastal and platform settings (e.g., Serra-Kiel et al., 2003; Rasser and Piller, 2004; Bassi, 2005; Payros et al., 2010) . In the Sanetsch area, the presence of rocky substrates would have provided suitable conditions for the widespread development of coralline algae. However, no algal crusts were found on the basement or around the extraclasts. In this case, the rarity of coralline algae and rhodoids could be linked to the protected and restricted conditions of the depositional environment. Recent (e.g., Johnson et al., 1996) as well as Eocene (e.g., Bassi, 2005; Payros et al., 2010) and other fossil examples (e.g., Johnson and Hayes, 1993) show that the occurrence of red algae is typical of more open marine settings.
Consistently, rhodoids and fragments of coralline algae are common within the high-energy sandstones and sandy limestones of the Tsanfleuron Mb (Fig. 9F) . Therefore, the absence of red-algal encrustations within the Diablerets Mb seems to sustain the existence of a protected depositional setting during the Early Priabonian. Similarly, the absence of large benthic foraminifera such as nummulitids and discocyclinids, which inhabited a broad range of open marine settings, is consistent with a restricted environment (e.g., Racey, 2001) . On the other hand, nummulitids and discocyclinids exhibit prolific occurrences throughout the open-marine and deeper limestones of the Pierredar Mb (Fig. 2 ) (Menkveld-Gfeller, 1994) .
Although carbonate deposition occurred within shallow embayments, which were generally protected from high-energy waves and swells of the open ocean by a karstic archipelago (Fig. 1C) , the presence of abundant planktonic foraminifera in several levels of the Diablerets Mb (see Fig. 7 ) indicates periods with close connection to the open ocean. Specimens of Chiloguembelina sp., Globigerinatheka sp., Globigerinatheka cf. index (Fig. 9B) , Turborotalia cerroazulensis and Turborotalia cocoaensis were identified. Globigerinatheka index, Turborotalia cerroazulensis and Turborotalia cocoaensis have a stratigraphic range comprising the Middle-Late Eocene interval Premoli Silva et al., 2006) in accordance with the Priabonian age assigned to the Diablerets Mb.
Turborotalia cerroazulensis and Turborotalia cocoaensis inhabited warm waters from low latitudes (Spezzaferri et al., 2002) . The occurrence of these planktonic foraminifera is in agreement with the presence of tropical to subtropical biota such as dasycladaceans, potamidids and campanilids (e.g., Dominici and Kowalke, 2007; Reid et al., 2008) . On the other hand, Globigerinatheka index has been interpreted to be typical of temperate to cold waters from middle-high latitudes (Spezzaferri et al., 2002) . Accordingly, the biota recognized within the Diablerets Mb indicate a mixture of two water masses, or alternating warmer and colder surface waters. The co-existence of fossil elements belonging to different water masses could indicate coastal upwelling processes or time-averaged assemblages developed at the onset of the stepwise glaciation of Antarctica, and coeval with the oceanographic reorganization proposed for the Late Eocene (e.g., Spezzaferri et al., 2002; Katz et al., 2008; Miller et al., 2009) .
The repetitive pulses of siliciclastic input and/or carbonate productivity observed throughout the Diablerets Mb (Fig. 7) could be the result of high-frequency climate changes and/or of relative sealevel oscillations. However, the irregular stacking pattern displayed by the transgressive sedimentary succession does not lead to conclusive evidence. Furthermore, autocyclic processes could have also been important in controlling sediment distribution.
The presence of coal fragments in the lower marly intervals of the Diablerets Mb (Fig. 7) indicates that vegetated areas existed nearby. The repetitive occurrence of characean gyrogonites points to the existence of nearby lakes or freshwater ponds.
Quartz is widespread throughout the Diablerets and Tsanfleuron members (Figs. 7, . During the deposition of the Diablerets beds, siliciclastics were probably brought into the small and narrow embayments of the Sanetsch area by terrestrial runoff, tidal currents and storm-induced turbulences. The transition from the Fig. 14 . Two-dimensional schematic model displaying the depositional evolution in the area of Sanetsch during the Priabonian transgression. Take into consideration that in the three dimensions the restricted embayments are connected to the open ocean. A) Exposed Early Cretaceous limestones of the Schrattenkalk Fm. Note the highly irregular karstic unconformity exhibited by the basement and the presence of Bartonian lateritic palaeosoils at the bottom of topographic depressions. Note also the occurrence of Schrattenkalk extraclasts accumulated at the toe of the basement highs. B) The Priabonian transgression starts and restricted, protected and narrow embayments form between the basement highs. Note how rocky-shore and soft-sediment intertidal and very shallow subtidal biota, belonging to the endolithic, epilithic, intertidal and shallow subtidal biofacies associations, colonize the new habitats created. The marine deposits correspond to the Diablerets Mb. C) As relative sea level continues to rise, the irregular palaeotopography shaped on the Schrattenkalk Fm is progressively filled. D) The deposition of cross-bedded sandy limestones and sandstones marks the opening of the system once the irregular karstic depressions are filled. These high-energy deposits correspond to the Tsanfleuron Mb, which buries the Diablerets Mb and the basement highs of the Schrattenkalk Fm.
siliciclastic-influenced limestones of the Diablerets Mb to the terrigenous-dominated high-energy sandstones and sandy limestones of the Tsanfleuron Mb (Figs. 2 and 6 ) does not reflect a fall in relative sea level that would have enhanced the erosion rate: due to the intertidal and very shallow subtidal nature of the Diablerets Mb, a relative sea-level drop in the Middle Priabonian would have led to subaerial exposure instead of accommodating the Tsanfleuron Mb. Therefore, it seems likely that a river delta must have existed nearby that furnished large amounts of siliciclastics. This possibility is supported by the presence of the Early-Middle Priabonian, thus coeval, deltaic sandstones of the Hohgant Fm, which crops out in the eastern part of the closeby Wildhorn Nappe (Menkveld-Gfeller, 1994) . Once the topographic depressions of the Sanetsch area were filled, the system opened and tidal and longshore currents probably transported the sands towards the Sanetsch area. Accordingly, the sandstones and sandy limestones of the Tsanfleuron Mb exhibit hydrodynamic sedimentary structures (Fig. 9D) . The overall depositional evolution of the Diablerets and Tsanfleuron members during the Priabonian transgressive phase is summarized in Fig. 14. 
Conclusions
During the Late Eocene, the highly irregular karstified and brecciated relief of the Early Cretaceous bedrocks of the Helvetic Nappes was flooded by a shallow sea. In the Sanetsch area (western Swiss Alps), transgression generated narrow, protected and restricted embayments between basement highs of up to 20 m height. The newly created intertidal and very shallow subtidal habitats were colonized by monospecific populations or lowdiversity biotic communities. The low species richness is in accordance with the generalistic character of extant relatives of the Sanetsch fossil biota and with a sheltered and restricted environment. The macrobiota contained within the transgressive Priabonian strata can be classed into four biofacies associations with distinct palaeoecological significance: 1) Endolithic; 2) Epilithic; 3) Intertidal; and 4) Shallow subtidal. The trace fossil assemblage observed on the basement surface and on the associated breccia clasts is dominated by the ichnogenera Gastrochaenolites and Entobia. The epilithic biofacies association is distinguished by encrusting Ostrea and coral colonies. The intertidal biofacies association is characterized by a monospecific soft-sediment assemblage of potamidid gastropods. The shallow subtidal biofacies association includes a higher species diversity including potamidids, ampullinids, campanilids, dasycladaceans, cardiids, Ostrea and irregular sea urchins. All these biotic associations, which were usually protected from waves, currents and storm surges by the irregular topography of the Early Cretaceous substratum, frequently sedimented as autochthonous or quasiautochthonous biofacies. Despite of the sheltered conditions of the depositional system, the relatively high abundance of planktonic foraminifera indicates periods of close connection to the open sea. Furthermore, the occurrence of tropical to subtropical fauna such as dasycladaceans, potamidids, and campanilids together with Globigerinatheka index, which is typical of temperate to cold waters, indicates a mixture of two different water masses. The presence of black, organic-rich marly intervals and framboidal pyrite throughout the transgressive record points to recurrent long-lasting episodes of anoxic or dysoxic pore waters. When the irregular palaeorelief was filled, the sheltered coastal system opened and sandstone deposits exhibiting hydrodynamic structures formed. The transgressive record presented here is of significance in that it provides examples of autochthonous and quasi-autochthonous biofacies associations, which were formed on a rocky-shore and in intertidal and shallow-subtidal soft-sediment environments. Finally, to our knowledge, this is the first detailed report of a Priabonian rocky shore.
